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ENHANCED MODULARITY IN
HETEROGENEOUS 3D STACKS

BACKGROUND

This mmvention relates generally to processing within a
computing environment, and more particularly to enhancing
modularity 1n heterogeneous 3D stacks.

In computer chip manufacturing, three-dimensional (3D)
stacks use layers of components, such as processing chips and
memory that are combined 1n a way that decreases the dis-
tance that data must travel between the components. The
decreased distance between components results 1n faster data
rates and lower heat as a result of less electrical resistance.

Modularnity and heterogeneous integration are important
advantages o1 3D technology, yet they are limited to same size
chips. In the case of heterogeneous chip sizes, eificient use of
silicon 1n chip layers containing accelerator chips or redun-
dancy layers 1s challenging since these layers tend to be
smaller than the main processor chip itself. Integrating chips
which are smaller than the main processor chip results in
either the use of silicon as a filler to extend the chips to the
same dimensions as the main processor, or results 1n air gaps
in the layers which contain the smaller chips. Using extra
s1licon 1s ineificient, and leaving air space creates uneven heat
dissipation resulting 1n hot spots on the chips. However, inte-
grating smaller and less complicated layers, such as accelera-
tors/redundancies, has clear yield and cost advantages,
because chip size and complexity are major determinants of
yield. The thermal interface material between the silicon lay-
ers and the lid, or heat sync, may not have tull coverage i1 the
smaller chips are placed between the heat sync and main
processor. In addition, aligning these smaller chips can
present i1ssues, as the underlying main processor, which 1s
typically much larger than these smaller chips, does not easily
lend 1tselfto layer alignment procedures with chips of varying
S1ZES.

BRIEF SUMMARY

An exemplary embodiment includes a method of manutac-
turing a three-dimensional computer processing chip stack.
The method 1ncludes preparing a host layer and integrating
the host layer with at least one other layer in the stack. The
host layer 1s prepared by forming cavities on the host layer for
receiving chips pre-configured with heterogeneous properties
relative to each other, disposing the chips 1n corresponding,

cavities on the host layer, and joining the chips to respective
surfaces of the cavities thereby forming an element having a
smooth surface with respect to the host layer and the chips.
A turther exemplary embodiment includes a three-dimen-
sional computer processing chip stack. The three-dimen-
sional computer processing chip stack mcludes a host layer
disposed on at least one other layer in the stack. The hostlayer
includes cavities formed thereon for receiving chips pre-con-
figured with heterogeneous properties relative to each other.
The cavities are formed to accommodate the heterogeneous
properties ol the chips. The chips are joined to respective
surfaces of the cavities, thereby forming an element having a
smooth surface with respect to the host layer and the chips.
A Tfurther exemplary embodiment includes a method for
generating and implementing a three-dimensional (3D) com-
puter processing chip stack plan. The method includes recetv-
ing system requirements from a plurality of clients, identify-
ing common processing structures and technologies from the
system requirements, and assigning the common processing
structures and technologies to a layer 1in the 3D computer

10

15

20

25

30

35

40

45

50

55

60

65

2

processing chip stack plan. The common processing struc-
tures and technologies specily characteristics of processing,

structures and technologies that are common to a defined
quantity of the clients. The method also includes 1dentitying
uncommon processing structures and technologies from the
system requirements and assigning the uncommon process-
ing structures and technologies to a host layer in the 3D
computer processing chip stack plan. The uncommon pro-
cessing structures and technologies specity characteristics of
processing structures and technologies that have no common-
ality with a defined quantity of the clients. The method also
includes determining placement and wiring of the uncommeon
structures on the host layer, and storing placement informa-
tion 1n the plan and transmitting the plan to manufacturing
equipment. The manufacturing equipment generates both the
layer including the common structures and technologies and
the host layer including the uncommon structures and tech-
nologies. The manufacturing equipment also integrates the
host layer and the other layer according to assignments and
the placement information to form the 3D computer process-
ing chip stack

An additional exemplary embodiment includes a computer
program product for generating and implementing a three-
dimensional (3D) computer processing chip stack plan. The
computer program product including a computer-readable
storage medium having computer program code embodied
thereon, which when executed by a computer, causes the
computer to mmplement a method. The method includes
receiving system requirements from a plurality of clients,
identifying common processing structures and technologies
from the system requirements, and assigning the common
processing structures and technologies to at least one layer in
the 3D computer processing chip stack plan. The common
processing structures and technologies specily characteris-
tics of processing structures and technologies that are com-
mon to a defined quantity of the clients. The method also
includes identifying uncommon processing structures and
technologies from the system requirements and assigning the
uncommon processing structures and technologies to a host
layer 1n the 3D computer processing chip stack plan. The
uncommon processing structures and technologies specily
characteristics of processing structures and technologies that
have no commonality with a defined quantity of the clients.
The method further includes determining placement and wir-
ing of the uncommon structures on the host layer, storing
placement information 1n the plan, and transmitting the plan
to manufacturing equipment. The manufacturing equipment
generates the layer including the common structures and
technologies and the host layer including the uncommon
structures and technologies, and integrates the host layer and
the other layer according to assignments and the placement
information to form the 3D computer processing chip stack

Additional features and advantages are realized through
the techniques of the present invention. Other embodiments
and aspects of the invention are described 1n detail herein and
are considered a part of the claimed invention. For a better
understanding of the invention with advantages and features,
refer to the description and to the drawings.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

Referring now to the drawings wherein like elements are
numbered alike 1n the several FIGURES:

FIG. 1A depicts a block diagram of a side view of a three-
dimensional computer processing chip stack in accordance
with an exemplary embodiment;
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FIG. 1B depicts a block diagram of a top view of the
three-dimensional computer processing chip stack of FIG.

1A in accordance with an exemplary embodiment;

FIG. 1C depicts a block diagram of a side view of a three-
dimensional computer processing chip stack 1n accordance
with an alternative exemplary embodiment;

FIGS. 2A-2B depict a flow diagram describing a process
for forming a three-dimensional computer processing chip
stack 1n an exemplary embodiment;

FIG. 3 depicts a block diagram illustrating sample client
requirements and a three-dimensional computer processing,
chip stack plan developed from the client requirements 1n
accordance with an exemplary embodiment;

FIG. 4 depicts a block diagram of a system upon which
manufacturing and design plans of three-dimensional com-
puter processing chip stacks may be implemented 1n an exem-
plary embodiment; and

FIG. 5 depicts a computer program product 1n an exem-
plary embodiment.

DETAILED DESCRIPTION

An exemplary embodiment of the present invention pro-
vides for enhanced three-dimensional (3D) computer pro-
cessing chip stacks. The exemplary 3D computer processing
chip stacks provide improved design modularity and accom-
modate heterogeneity of integrated layers employed in the 3D
computer processing chip stacks.

Turning now to FIGS. 1A and 1B, a side view and a top
view, respectively, of an exemplary 3D computer processing,
chip stack 100A will now be described. The 3D computer
processing chip stack 100A refers to a system of integrated
circuit chips and includes a plurality of layers (e.g., layers

110, 112, and 114). The layers 110, 112, and 114 may be
formed of semiconductor material and 1nclude various com-
ponents or structures, such as logic, memory, and core pro-
cessors. The layers 110, 112, and 114 are integrated (e.g.,
stacked) to form a portion of the 3D computer processing chip

stack 100A. For example, layer 112 may be disposed on layer
114, and layer 110 may be disposed on layer 112. While the

three layers 110, 112, and 114 are illustrated mn FIG. 1 as
forming part of the 3D computer processing chip stack 100 A,
it will be understood that additional (or fewer) layers may be
employed in order to realize the advantages of the exemplary
embodiments.

In an exemplary embodiment, the 3D computer processing
chip stack 100A also includes a host layer 104 A (also referred
to herein as “carrier layer”) on which dedicated regions 106
are formed for recerving a number of chips 108. These chips
108 (also referred to herein as “chiplets”) may be defined as
subsystems of a microprocessor core that are modularized
such that multiple variations of cores can be configured from
selected groupings of these chiplets to produce customized
functions. As shown 1n FIG. 1B, for illustrative purposes the
host layer 104 A 1ncludes seven chips 108. It will be under-
stood, however, that additional (or fewer) chips 108 may be
employed in order to realize the advantages of the exemplary
embodiments.

In an exemplary embodiment, each of the chips 108
includes a dedicated power supply and a dedicated clock grid,
such that each operates independently of the others. In one
exemplary embodiment, the chips 108 support various volt-
age supplies and clock grids and need not be compatible with
one another (e.g., where power and clock distribution net-
works and operating specifications are incompatible with
other chips). Once integrated with the stack 100A, the chips
108 are communicatively coupled to the layers 110, 112, and
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114, e.g., via wiring or wire mesh. However, the chips 108 are
not electrically connected to the host layer 104 A. Rather, the
3D computer processing chip stack 100A also includes pro-
grammable connections, such as the wiring grid (not shown),
which enable the chips 108 to communicate with other layers

110,112, and 114 of the 3D processing chip stack 100A. In an

exemplary embodiment, each of the chips 108 may be com-
municatively coupled to other components 1n any of the lay-
ers 110, 112, and 114.

A variety of types of the chips 108 may be manufactured
such that at least one of the chups 108 disposed on the host
layer 104 A have properties that are different from those of
others of the chips 108. These heterogeneous properties may
include, e.g., variations in chip size, variations in sizes, aspect
ratios, thicknesses, operating point specs (e.g., clock 1ire-
quency, supply voltage), number and characteristics of wiring
layers, and the use of disparate technologies. Examples of
disparate technologies employed by the chips 108 may
include e.g., 22, 32, and 45 nanometer (nm) chips. The chips
108 may be configured for various tunctions (e.g., the chips
108 may be cache chips, floating point accelerators, encryp-
tion and decryption accelerators, or any other type of com-
puter chip as 1s known 1n the art).

The dedicated regions 106 may be formed on the host layer
104 A by etching the host layer 104 A to create openings, or
cavities, of a size sullicient to accommodate particular chips
sizes and thicknesses. The dimensions of the etching (e.g.,
length, width, and depth) on the host layer 104 A correspond
to the dimensions of the length, width, and thickness of the
desired chips 108. In addition, the host layer 104 A may be
ctched to form etch stops to create borders for the dedicated
regions 106.

In an exemplary embodiment, the host layer 104 A may be
constructed of a thermally conductive matenal (e.g., silicon)
in order to provide increased cooling for the chips 108, as well
as the underlying layers 110, 112, and 114. Heat dissipation
of the 3D computer processing chip stack 100A may be
improved due to the use of the thermally conductive material.
The chips 108 are not electrically connected to the host layer
104A (e.g., they are mstead communicatively coupled to
other layers 110, 112, and 114 via programmable wiring or a
wire mesh that 1s provided on the host layer 104 A after the
chips 108 have been integrated onto the host layer 104 A.

In addition, the host layer 104 A may include infrastructure
or material (not shown) to improve the thermal conductivity
(e.g., Cu thermal vias, embedded cooling channels, metal
mesh structures, and specialized interface materials to
improve the heat conduction from the chips 108 and other
stack elements to the 11d 102), whereby chips 108 disposed on
the host layer 104A provide even contact with the infrastruc-
ture or material due to the thermally conductive material used
in constructing the host layer 104 A, thereby improving ther-
mal conductivity of the 3D computer processing chip stack
100A. The chips 108 disposed on the host layer 104A are
joined to respective surtaces of their corresponding dedicated
regions 106 through the application of this infrastructure to
the host layer 104 A, thereby forming a monolithic element
with respect to the host layer 104A and chips 108. The mono-
lithic aspects provide a smooth seamless surface, as depicted
in the exemplary host layer 104 A of FIG. 1A.

In alternative embodiments, the host layer 104A (having
the thermally conductive material and/or embedded metal
structures to enhance the thermal conductivity) may be used
without any chips 108 to provide cooling and/or shielding
with respect to the underlying layers 110, 112, and 114. The
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shielding properties of the host layer 104 A material (e.g., via
mesh structures) protect against alpha rays that may other-
wise cause interference.

Also 1ncluded 1n the 3D computer processing chip stack
100A 1s a Iid 102, which may be a heat sync for use 1n

facilitating the dissipation of heat generated by the layers
104A,110,112, and 114. The lid 102 may be disposed on top

of the host layer 104 A, e.g., as shown i FIG. 1A.

The 3D computer processing chip stack 100A may also
include connection pins 116 (FIG. 1A) which serve to con-
nect the 3D computer processing chip stack 100A to a hard-
ware device (not shown) within which 1t will operate.

As shown 1n FIG. 1B, the host layer 104 A further includes
alignment marks 118. The alignment marks 118 assist 1n
aligning the host layer 104 A with the other layers 110, 112,
and 114. In exemplary embodiment the alignment marks 118
are used to integrate the layers 104 A, 110,112, and 114 using
laser alignment, or other alignment techmques as will be
understood by those skilled 1n the art.

During integration of the host layer 104A with the other
layers 110, 112, and 114, the host layer 104 A 1s disposed on
the other layers 110, 112, and 114 (which layers 110,112, and
114 are vertically stacked as shown in FIG. 1A). The layers
110, 112, and 114 each include alignment holes correspond-
ing to the placement of the alignment markings 118 of the
host layer 104 A. The alignment of the layers 104A,110, 112,
and 114 may be checked by pointing a laser beam through the
alignment marks 118. If the laser beam completes 1ts path
through all of the layers 104A, 110, 112, and 114, the 3D
processing chip stack 100A 1s successiully aligned. Because
the chips 108 are mounted to the host layer 104 A, once the
host layer 104 A 1s aligned with the other layers 110, 112, and
114, the chups 108 will be properly aligned as well.

Turning now to FIG. 1C, a side view of a 3D computer
processing chip stack 100B will now be described. The 3D
computer processing chip stack 100B may include many of
the elements described above in FIG. 1A. To the extent these
clements overlap, they will not be further described herein.
The exemplary host layer 100B refers to a system of inte-
grated circuit chips and includes a plurality of layers (denoted
as layers 110-114). These layers may include structures and
material similar to those described above 1 FIG. 1A. The
layers 110-114 are integrated (e.g., stacked) to form a portion
of the 3D computer processing chip stack 100B. In the exem-
plary embodiment shown 1n FIG. 1C, e.g., layer 112 may be
disposed on layer 114, the host layer 104B may be disposed
on layer 112, and layer 110 may be disposed on the host layer
104B.

In an exemplary embodiment, the host layer 104B includes
a first planar side 160 (also referred to as a bottom portion)
and a second planar side 150 (also referred to as a top portion)
upon both of which dedicated regions 106 are formed for
receiving a number of chips 108. The first planar side 160 and
the second planar side 150 are horizontally disposed on
opposing sides of each other with respect to the host layer
104B. The chips 108 are described fully in FIG. 1A and will
not be further described herein. Using the same or similar
etching techmiques described above, the dedicated cavities
106 may be formed on both planar sides (1.e., upper and lower
portions 150 and 160) of the host layer 104B as depicted, e.g.,
in FIG. 1C. Once integrated with the stack 100B, the chips
108 are communicatively coupled to the layers 110-114, e.g.,
via wiring or wire mesh. Additionally, as described above in
FIG. 1A, the chips 108 of the host layer 104B are not electri-
cally connected to the host layer 104B. Rather, the 3D com-
puter processing chip stack 100B also includes program-
mable connections, such as the wiring grid (not shown),
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which enable the chips 108 to communicate with other layers
110-114 of the 3D processing chip stack 100B. In an exem-
plary embodiment, each of the chips 108 may be communi-
catively coupled to other components 1n any of the layers 110,
112, and 114.

A variety of types of the chips 108 may be manufactured
such that at least one of the chips 108 disposed on the host
layer 104B have properties that are different from those of
others of the chips 108. These heterogeneous properties may
include, e.g., variations in chip size, variations in sizes, aspect
ratios, thicknesses, operating point specs (e.g., clock 1fre-
quency, supply voltage), number and characteristics of wiring
layers, and the use of disparate technologies. The dedicated
regions 106 may be formed on the host layer 104B by etching
the host layer 104B to create openings, or cavities, of a size
suificient to accommodate particular chips sizes and thick-
nesses. The dimensions of the etching (e.g., length, width, and
depth) on the hostlayer 104B correspond to the dimensions of
the length, width, and thickness of the desired chips 108. In
addition, the host layer 104 may be etched to form etch stops
to create borders for the dedicated regions 106.

The chips 108 are selected for placement on the host layer
104 (e.g., one of the embodiments of host layer 104 A and
104B) from a set of chip types that are designed to work
together to perform various functions. In an exemplary
embodiment, the chips 108 are manufactured and tested, and
a chip designer may select a number of the chips 108 for
inclusion 1 the host layer 104 based upon customized
requirements provided, e.g., by a customer or client. In addi-
tion, the modular design of the host layer 104 allows the
eificient construction of computer processors with various
modular components without requiring the disclosure of the
operation or construction methods of the modular compo-
nents. In this way, a manufacturer may securely manufacture
computer processors in a restrictive environment such as, for
example, 1n military applications.

As indicated above, chips 108 may be manufactured and
tested for subsequent placement 1n the 3D computer process-
ing chip stack 100. Because the chips 108 may be mounted 1n
the host layer 104 at some future time (e.g., as client or
customer requirements dictate), the chips 108 may be manu-
factured efficiently in large batches, therefore increasing the
yield. Since the host layer 104 1s configured for varying chip
s1zes, the chips 108 may be made as small as possible, thereby
further increasing the yield and lowering the manufacturing
costs. Additionally, further efficiencies may be realized
because the chips 108 are designed as independent, stand-
alone components. As a result, each chip 108 may be tested
individually, and any defective chips may be discarded with-
out sacrificing the remaining components of the 3D process-
ing chip stack 100. This feature turther increases the yield of
the 3D processing chip stacks 100 by ensuring that all com-
ponents are working before final assembly of the 3D process-
ing chip stack 100.

FIGS. 2A-2B 1illustrate a tflow diagram describing a process
for forming a three-dimensional computer processing chip
stack 1n an exemplary embodiment, FIG. 3 depicts a block
diagram 1llustrating sample client requirements and a three-
dimensional computer processing chip stack plan developed
from the client requirements in accordance with an exemplary
embodiment, and FIG. 4 depicts a block diagram of a system
upon which the manufacturing and planning may be imple-
mented in an exemplary embodiment.

The system 400 of FIG. 4 includes a computer system 402
and manufacturing equipment 404 1n communication with
one or more networks 406. The computer system 402 may be
a general-purpose computer processing device (e.g., a desk-
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top computer) or may be a high-powered system, such as a
mainiframe computer. The network(s) 406 may comprise any
types of networks known 1n the art, e.g., Internet, local area
network, wide area network, or a combination of varying
networks. In an alternative embodiment, the manufacturing
equipment 404 may be i1n direct communication with the
computer system 402, e.g., via cabling. The manufacturing
equipment 404 may include various types of process equip-
ment for manufacturing computer processing chips, includ-
ing the 3D computer processing chip stack 100 described 1n
FIG. 1. The computer system 402 executes logic 408 for
implementing the exemplary processes described herein. The
computer system 402 may also execute various applications
typically associated with a manufacturing enterprise (e.g.,
manufacturing enterprise system solftware, manufacturing
resource planning applications, etc. (not shown)). The com-
puter system 402 may also include internal or external
memory for storing data used 1in implementing the exemplary
processes described herein. The types of data that may be
stored 1n the computer system memory may include, e.g.,
client requirements 410 and manufacturing plans 412 (also
referred to herein as 3D computer processing chip stack
plans), both of which are described further herein. The manu-
facturing process, three-dimensional computer processing
chip stack planning, and system will now be described with
respect to FIGS. 2A-2B, FIG. 3, and FIG. 4.

At block 202, system requirements for a number of com-
puter processing devices are recerved at the computer system
402 and analyzed via the logic 408. For example, as shown 1n
FIG. 3, there are three sets of system requirements for respec-
tive Clients 1, 2, and 3. These requirements may be retrieved
from storage (e.g., client requirements 410 stored in memory
of the computer system 402).

At block 204, the logic 408 1dentifies any common pro-
cessing structures and technologies resulting from the analy-
s1s. Common structures and technologies refer to components
and related technologies for client requirements that are
shared among a defined quantity or percentage of clients (e.g.,
95-100% of clients require 8 processing cores for a requested
product (e.g., stack 100)). These common structures and tech-
nologies are also referred to as baseline requirements and are
extrapolated from the collective client requirements (e.g.,
from Clients 1, 2, and 3). The baseline requirements are
assigned/reserved for placement on one or more shared layers
110,112, and 114. As shown 1n FIG. 3, a common technology
shared by all three Clients 1-3 1s 22 nm technology. Other
examples of baseline requirements are shown 1n box 302 of
FIG. 3.

At block 206, the logic 408 1dentifies any uncommon and/
or incompatible structures from the analysis. Uncommon
structures refer to components and technologies for client
requirements that are not shared among any of the clients or
may be common to a small quantity or percentage of clients.
Incompatible structures and technologies refer to compo-
nents and technologies for the client requirements that are not
compatible with any of the common structures of these
requirements. Examples of the types of structures/technolo-
gies may include, e.g., repair or patch chips, accelerators,
encryption/decryption, and redundancies. These uncommon
and/or incompatible structures are assigned/reserved for
placement on the host layer 104 (1.e., the above-described
chips 108 retlect these uncommon and/or incompatible struc-
tures or technologies). An example of uncommon and/or
incompatible structures and technologies are shown in box
304 of FIG. 3. Together, the data 1n boxes 302 and 304 form
the collective structures and technologies 306 of the system
requirements requested from the Clients 1-3.
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At block 208, the logic 408 calculates sizes and aspect
ratios for uncommon/incompatible structures in box 304. For
example, 1t the chips 108 are manufactured by the same
vendor (hence, the vendor has full control over the size/aspect
ratios of these chips), the sizing calculations may be imple-
mented to assess the potential chip area utilization and select

a configuration that maximizes the amount of areaused by the
chips 108.

At block 210, the logic 408 i1dentifies interconnectivity
requirements for the uncommon and/or mmcompatible struc-
tures 1n box 304.

At block 212, the logic 408 determines the number of host
layers 104 required 1n order to satisty the client requirements
(e.g., from the uncommon and/or incompatible structure and
technology data in box 304). The determination may be made
using the aspect ratio calculations, the interconnection
requirements, and dimensions of the host layer 104.

At block 214, the logic 408 sends the baseline data 1 box

302 to the manufacturing equipment 404 (e.g., via network
406), e.g., as one of the manufacturing plans 412, and the
manufacturing equipment 404 manufactures the common
structures from the baseline data as well as shared layers (e.g.,
multiple instances of each of layers 110, 112, and 114). The
manufacturing process may include providing holes on the
layers 110, 112, and 114 for subsequent alignment during the
integration process. These structures may also be tested
before performing the integration process.

At block 216, the logic 408 assesses clock and power
delivery requirements for the uncommon and/or incompat-
ible structures 1n box 304 (e.g., examining the specifications
of the various chips 108 in terms o1 Vdd, Vcs, Fclk ranges and
target levels to determine the compatibility of these values). IT
the Vdd targets and clock ranges overlap, for example, the
items 1n the blocks 302/304 may be switched 1n the host layer
design plan. Alternatively, one or more of the chips 108 may
share or switch clock and voltage delivery infrastructure.

At block 218, the logic 408 sends the uncommon/incom-
patible structure data in box 304 to the manufacturing equip-
ment 404 (e.g., via network 406), and the manufacturing
equipment 404 manufactures the uncommon and/or 1ncom-
patible structures (e.g., these structures refer to the above-
described chips 108). These structures may also be tested
before performing the integration process.

At block 220, the logic 408 determines placement of
uncommon and/or incompatible structures and interconnect
blocks (e.g., wiring) on host layer 104. The placement of the
chips 108 may be determined using various analytical tech-
niques. By way of example, factors to consider may include
whether a component of a layer 1s required to overlap with
another component 1n an underlying layer, or whether a com-
ponent need not overlap with another component but needs to
be 1in proximity of a number of other elements. Additionally,
the logic 408 may be configured to exploit the use of a shared
clement by placing close together multiple chips 108 that
share use of the common element.

The logic 408 sends this information to the manufacturing,
equipment 404 (e.g., via the network 406), and the manufac-
turing equipment 404 prepares the host layer 104, as will now
be described. The host layer 104 1s formed of a thermally
conductive material, which assists in the dissipation of heat
created by the chips 108 on the host layer 104 and compo-
nents (e.g., the common structures) of the shared layers (e.g.,
layers 110, 112, and 114) through the thermally conductive
material. In an exemplary embodiment, the host layer 104 1s
configured to protect the chips 108 and the other layers from
alpha radiation.
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Atblock 222, dedicated regions 106 are formed on the host
layer 104 for recerving chips 108 that are pre-configured with
heterogeneous properties. One of the heterogeneous proper-
ties includes size vanation. Other heterogeneous properties
may include variation 1n thicknesses, aspect ratios, wiring
characteristics/number of wiring layers, supply voltage and
clock specifications, and the use of disparate technologies. As
described above, the disparate technologies may include, e.g.,
22 nm, 32 nm, and 45 nm technologies. The dedicated regions
106 (cavities) are formed to accommodate the heterogeneous
properties of the chips (e.g., the dedicated regions 106 are
formed of a size that corresponds with the sizes of respective
chips 108). The dedicated regions 106 may be formed by
ctching the host layer 104. It will be understood that 1n exem-
plary embodiments, the host layer 104 1s manufactured sepa-
rately from the chips 108, and the other layers 110, 112, and
114. In exemplary embodiments, the host layer 104 may be
ctched to create openings for the chips 108. In additional
exemplary embodiments, the host layer 104 may be etched to
form etch stops to create borders for the dedicated regions
106.

At block 224, alignment markings 118 are placed on the
host layer 104. The alignment markings 118 are configured to
align the host layer 104 with the at least one other layer (e.g.,
one or more of layers 110, 112, and 114). The host layer 104
may be aligned with other layers via a laser beam directed
through the host layer 104. The host layer 104 and the other
layers (110, 112, 114) are successiully aligned when the laser
beam passes through the host layer 104 (via the alignment
markings 118) and the alignment holes provided on the other
layers.

At block 226, the host layer 104 1s further prepared by
disposing the chips 108 in corresponding dedicated regions
106 of the host layer 104. As indicated above, each of the
chups 108, when disposed on the host layer 104, lacks an
clectrical and functional connection with the other chips 108
on the host layer 104. Further, as indicated above, the chips
108 disposed on the host layer 104 are joined to respective
surfaces of their corresponding dedicated regions 106
through the application of this infrastructure to the host layer
104, thereby forming a monolithic element with respectto the
host layer 104 and chips 108. The monolithic aspects provide
a smooth seamless surface, as depicted in the exemplary host
layer 104 of FIG. 1A.

At block 228, the host layer 104 1s aligned with the one or
more other layers (e.g., layers 110, 112, and 114), as
described above 1n block 224.

At block 230, the host layer 104 1s integrated, or joined,
with the other layers (e.g., layers 110, 112, and 114) to form
the stack 100.

Technical effects and benefits include a thermally conduc-
tive host layer 104 that provides both efficient heat displace-
ment and protection from alpha radiation. In addition, the
host layer 104 provides a base layer for placement and align-
ment of chips 108 via dedicated regions 106 formed on the
host layer 104 that allow for the efficient and separate manu-
facture of heterogeneous chips 108 for a 3D computer pro-
cessing chip stack 100.

The terminology used herein 1s for the purpose of describ-
ing particular embodiments only and 1s not mtended to be
limiting of the invention. As used herein, the singular forms
“a”, “an” and “the” are intended to include the plural forms as
well, unless the context clearly indicates otherwise. It will be
turther understood that the terms “comprises” and/or “com-
prising,” when used 1n this specification, specity the presence
of stated features, integers, steps, operations, elements, and/
or components, but do not preclude the presence or addition
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of one or more other features, integers, steps, operations,
clements, components, and/or groups thereof.

The corresponding structures, materials, acts, and equiva-
lents of all means or step plus function elements 1n the claims
below are intended to include any structure, material, or act
for performing the function in combination with other
claimed elements as specifically claimed. The description of
the present mvention has been presented for purposes of
illustration and description, but 1s not intended to be exhaus-
tive or limited to the invention in the form disclosed. Many
modifications and variations will be apparent to those of
ordinary skill in the art without departing from the scope and
spirit of the invention. The embodiment was chosen and
described 1n order to best explain the principles of the mven-
tion and the practical application, and to enable others of
ordinary skill in the art to understand the invention for various
embodiments with various modifications as are suited to the
particular use contemplated.

As will be appreciated by one skilled 1n the art, aspects of
the present invention may be embodied as a system, method
or computer program product. Accordingly, aspects of the
present invention may take the form of an entirely hardware
embodiment, an entirely software embodiment (including
firmware, resident software, micro-code, etc.) or an embodi-
ment combining software and hardware aspects that may all
generally be referred to herein as a “circuit,” “module™ or
“system.” Furthermore, aspects of the present invention may
take the form of a computer program product embodied in one
or more computer readable medium(s) having computer read-
able program code embodied thereon.

Any combination of one or more computer readable medi-
um(s) may be utilized. The computer readable medium may
be a computer readable signal medium or a computer read-
able storage medium. A computer readable storage medium
may be, for example, but not limited to, an electronic, mag-
netic, optical, electromagnetic, inirared, or semiconductor
system, apparatus, or device, or any suitable combination of
the foregoing. More specific examples (a non-exhaustive list)
of the computer readable storage medium would include the
following: an electrical connection having one or more wires,
a portable computer diskette, a hard disk, a random access
memory (RAM), a read-only memory (ROM), an erasable
programmable read-only memory (EPROM or Flash
memory ), an optical fiber, a portable compact disc read-only
memory (CD-ROM), an optical storage device, a magnetic
storage device, or any suitable combination of the foregoing.
In the context of this document, a computer readable storage
medium may be any tangible medium that can contain, or
store a program for use by or 1n connection with an instruction
execution system, apparatus, or device.

A computer readable signal medium may include a propa-
gated data signal with computer readable program code
embodied therein, for example, in baseband or as part of a
carrier wave. Such a propagated signal may take any of a
variety of forms, including, but not limited to, electro-mag-
netic, optical, or any suitable combination thereof. A com-
puter readable signal medium may be any computer readable
medium that 1s not a computer readable storage medium and
that may communicate, propagate, or transport a program for
use by or 1in connection with an 1nstruction execution system,
apparatus, or device.

Program code embodied on a computer readable medium
may be transmitted using any appropriate medium, including
but not limited to wireless, wireline, optical fiber cable, RF,
etc., or any suitable combination of the foregoing.

Computer program code for carrying out operations for
aspects of the present invention may be written 1n any com-
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bination of one or more programming languages, including
an object oriented programming language such as Java,
Smalltalk, C++ or the like and conventional procedural pro-
gramming languages, such as the “C” programming language
or similar programming languages. The program code may
execute entirely on the user’s computer, partly on the user’s
computer, as a stand-alone soitware package, partly on the
user’s computer and partly on a remote computer or entirely
on the remote computer or server. In the latter scenario, the
remote computer may be connected to the user’s computer
through any type of network, including a local area network
(LAN) or a wide area network (WAN), or the connection may
be made to an external computer (for example, through the
Internet using an Internet Service Provider).

Aspects of the present invention are described above with
reference to flowchart illustrations and/or block diagrams of
methods, apparatus (systems) and computer program prod-
ucts according to embodiments of the mvention. It will be
understood that each block of the flowchart illustrations and/
or block diagrams, and combinations of blocks in the tlow-
chart illustrations and/or block diagrams, may be imple-
mented by computer program instructions. These computer
program 1nstructions may be provided to a processor of a
general purpose computer, special purpose computer, or other
programmable data processing apparatus to produce a
machine, such that the instructions, which execute via the
processor of the computer or other programmable data pro-
cessing apparatus, create means for implementing the func-
tions/acts specified 1n the tlowchart and/or block diagram
block or blocks.

These computer program instructions may also be stored in
a computer readable medium that may direct a computer,
other programmable data processing apparatus, or other
devices to function i1n a particular manner, such that the
instructions stored in the computer readable medium produce
an article of manufacture including mnstructions which imple-
ment the Tunction/act specified 1n the flowchart and/or block
diagram block or blocks.

The computer program instructions may also be loaded
onto a computer, other programmable data processing appa-
ratus, or other devices to cause a series of operational steps to
be performed on the computer, other programmable appara-
tus or other devices to produce a computer implemented
process such that the instructions which execute on the com-
puter or other programmable apparatus provide processes for
implementing the functions/acts specified in the flowchart
and/or block diagram block or blocks.

As described above, embodiments may be embodied in the
form of computer-implemented processes and apparatuses
for practicing those processes. In exemplary embodiments,
the invention 1s embodied 1n computer program code
executed by one or more network elements. Embodiments
include a computer program product 300 on a computer
usable medium 502 with computer program code logic 504
containing instructions embodied in tangible media as an
article of manufacture. Exemplary articles of manufacture for
computer usable medium 502 may include floppy diskettes,
CD-ROMs, hard drives, universal serial bus (USB) flash
drives, or any other computer-readable storage medium,
wherein, when the computer program code logic 504 1s
loaded 1nto and executed by a computer 402, the computer
402 becomes an apparatus lfor practicing the invention.
Embodiments include computer program code logic, for
example, whether stored 1n a storage medium, loaded into
and/or executed by a computer, or transmitted over some
transmission medium, such as over electrical wiring or
cabling, through fiber optics, or via electromagnetic radia-

10

15

20

25

30

35

40

45

50

55

60

65

12

tion, wherein, when the computer program code logic 1s
loaded into and executed by a computer, the computer
becomes an apparatus for practicing the invention. When
implemented on a general-purpose microprocessor, the com-
puter program code logic segments configure the micropro-
cessor to create specific logic circuits.

The flowchart and block diagrams 1n the Figures 1llustrate
the architecture, functionality, and operation of possible
implementations of systems, methods, and computer pro-
gram products according to various embodiments of the
present invention. In this regard, each block 1n the tflowchart
or block diagrams may represent a module, segment, or por-
tion of code, which comprises one or more executable
instructions for implementing the specified logical function
(s). It should also be noted that, in some alternative imple-
mentations, the functions noted in the block may occur out of
the order noted 1n the figures. For example, two blocks shown
1n succession may, in fact, be executed substantially concur-
rently, or the blocks may sometimes be executed 1in the reverse

order, depending upon the functionality mvolved. It will also
be noted that each block of the block diagrams and/or flow-
chart 1llustration, and combinations of blocks in the block
diagrams and/or flowchart illustration, may be implemented
by special purpose hardware-based systems that perform the
specified functions or acts, or combinations of special pur-
pose hardware and computer instructions.

What 1s claimed 1s:

1. A method of manufacturing a three-dimensional com-
puter processing chip stack, the method comprising:

preparing a host layer, comprising:

forming cavities on a first planar side of the host layer for

receiving integrated circuit chips pre-configured with
heterogeneous properties relative to each other, the cavi-
ties formed to accommodate the heterogeneous proper-
ties of the integrated circuit chips;

disposing the integrated circuit chips in corresponding

cavities on the host layer; and

jo1ining the integrated circuit chips to respective surfaces of

the cavities thereby forming an element having a smooth
surface with respect to the host layer and the integrated
circuit chips; and

integrating the host layer with at least one other layer 1in the

stack.

2. The method of claim 1, further comprising;

configuring programmable wiring on the element, such

that communication 1s enabled among the integrated
circuit chips disposed in the host layer.

3. The method of claim 1, wherein the heterogeneous prop-
erties include variation in aspect ratios.

4. The method of claim 1, wherein the heterogeneous prop-
erties include variation in size.

5. The method of claim 1, wherein the heterogeneous prop-
erties include variation in thickness.

6. The method of claim 1, wherein the heterogeneous prop-
erties include variation 1n supply voltages.

7. The method of claim 1, wherein the heterogeneous prop-
erties include variation 1n clock specifications.

8. The method of claim 1, wherein each of the integrated
circuit chups 1s configured to include a different supply volt-
age and clock grid where power and clock distribution net-
works and operating specifications are incompatible with
other integrated circuit chips.

9. The method of claim 1, wherein the cavities are formed
by etching at least one side of the host layer.

10. The method of claim 1, wherein forming cavities on the
host layer includes etching the cavities on the host layer to
receive the integrated circuit chips, the integrated circuit
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chips selected for inclusion on the host layer based upon
individual requirements of the stack, wherein the host layer,
upon recerving the mtegrated circuit chips, 1s integrated with
the at least one other layer to form the stack and collectively
functions to satisiy the individual requirements of the stack.

11. The method of claim 1, wherein the host layer 1s formed
of thermally conductive material, and the host layer dissipates
heat created by the integrated circuit chips on the host layer
and components of the at least one other layer through the
thermally conductive matenial.

12. The method of claim 1, wherein the host layer includes
embedded metal structures, and the host layer dissipates heat
created by the integrated circuit chips through the embedded
metal structures.

13. The method of claim 1, wherein the host layer 1s con-
figured with mesh structures, and the host layer shields the
three-dimensional computer processing chip stack from
alpha radiation via the mesh structures.

14. The method of claim 1, wherein the integrated circuit
chips include at least one patch chip.

15. The method of claim 1, wherein the integrated circuit
chups are selected from a set of pre-manufactured and pre-
tested modular computer integrated circuit chups having pre-
defined functions, the pre-defined functions including:

acceleration;

encryption; and

redundancy.

16. The method of claim 1, wherein preparing the host

layer turther comprises:
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providing alignment markings on the host layer for align-
ing the host layer with the at least one other layer, the
host layer aligned with the at least one other layer via a
laser beam directed through the host layer, wherein the
host layer and the at least one other layer are successiully
aligned when the laser beam passes through the host
layer and alignment holes provided on the at least one
other layer.
17. The method of claim 1, wherein preparing the host
layer turther comprises:
forming cavities on a second planar side of the host layer,
the second planar side of the host layer 1s horizontally
opposed to the first planar side of the host layer, the
cavities on the second planar side of the host layer
formed for recetving integrated circuit chips pre-config-
ured with heterogeneous properties, the cavities on the
second planar side of the host layer formed to accom-
modate the heterogeneous properties of the itegrated
circuit chips;
wherein the first planar side represents a bottom portion of

the host layer, and the second planar side represents a top
portion of the host layer.

18. The method of claim 1, wherein each of the integrated
circuit chips, when disposed on the host layer, lacks an elec-
trical and functional connection with others of the integrated
circuit chips on the host layer.

¥ ¥ H ¥ H



	Front Page
	Drawings
	Specification
	Claims

